Background: The Upright Motor Control Test (UMCT) has been used in clinical practice and research to assess functional strength of the hemiparetic lower limb in adults with stroke. It is unclear if evidence is sufficient to warrant its use. The purpose of this systematic review was to synthesize available evidence on the measurement properties of the UMCT for stroke rehabilitation. Methods: Electronic databases that indexed biomedical literature were systematically searched from inception until October 2015 (week 4): Embase, PubMed, Web of Science, CINAHL, PEDro, Cochrane Library, Scopus, ScienceDirect, SPORTDiscus, LILACS, DOAJ, and Google Scholar. All studies that had used the UMCT in the time period covered underwent hand searching for any additional study. Observational studies involving adults with stroke that explored any measurement property of the UMCT were included. The COnsensus-based Standards for the selection of health Measurement INstruments was used to assess the methodological quality of included studies. The CanChild Outcome Measures Rating Form was used for extracting data on measurement properties and clinical utility. Results: The search yielded three methodologic studies that addressed criterion-related validity and contruct validity. Two studies of fair methodological quality demonstrated moderate-level evidence that Knee Extension and Knee Flexion subtest scores were predictive of community-level and household-level ambulation. One study of fair methodological quality provided limited-level evidence for the correlation of Knee Extension subtest scores with a laboratory measure of ground reaction forces. No published studies formally assessed reliability, responsiveness, or clinical utility. Limited information on responsiveness and clinical utility dimensions could be inferred from the included studies. Conclusions: The UMCT is a practical assessment tool for voluntary control or functional strength of the hemiparetic lower limb in standing in adults with stroke. Although different levels of evidence suggest that the Knee Extension and Knee Flexion subtests may possess criterion and construct validity, the lack of published literature examining content validity, reliability, and responsiveness raises questions regarding the use of the UMCT in routine clinical practice. These key findings highlight the need to further investigate the UMCT's measurement properties toward enhancing its standardization.
Background
Significant impairment in lower limb strength is common after a stroke [1] . Impaired lower limb muscle strength is prominent in people who enter inpatient rehabilitation [2] and may persist in all muscle groups years after the stroke [3] . Literature supports the relationship between muscle weakness and post-stroke functional disability, especially in performing critical mobility tasks such as getting out of a chair, standing, walking, and negotiating stairs [1, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Accurate evaluation of lower limb muscle weakness is therefore an essential component of effective stroke rehabilitation.
Dynamometry and manual muscle testing (MMT) are common measures of muscle strength. While isometric and isokinetic dynamometry has been demonstrated as an objective method of quantifying isometric and isokinetic strength in adults with stroke [15, 16] , it requires special instrumentation which may not be feasible in settings where financial resources are limited. MMT was not designed for and cannot be used in persons with central nervous system lesions presenting with muscle tone alterations, abnormal reflex activity, abnormalities in amplitude, timing and scaling of synergistic muscle activity, and abnormal limb movement patterns [17] [18] [19] . There is therefore a need to identify a valid and clinically useful method of testing the strength of lower limb muscle groups that will not be limited by the presence of impaired muscle tone or inability to isolate joint movements.
The Upright Motor Control Test (UMCT) [20] or Upright Control (UC) Test [21] [22] [23] was originally developed as a clinician-administered clinical test of voluntary control of the affected lower limb in standing toward predicting functional walking ability in adults with stroke [C. Toman, unpublished thesis]. It is quick and simple to administer, requires no instrumentation and minimal physical space, and is therefore suitable for any clinical setting [24] . Clinically, it has been used to identify the presence of lower limb dyscontrol or muscle weakness in stroke [21, 23, 25, 26] and other neurological conditions [22, 24, 27] ; and/or to measure stroke rehabilitation outcomes in longitudinal studies [19, 28] , including clinical trials [29] [30] [31] . Since it is practical to administer and can be used on patients with muscle tone abnormalities and impairments in selective movement control from central nervous system lesions [20] , it addresses the limitations related to dynamometry and MMT.
The UMCT provides information on the ability to bear weight on and unload the affected lower limb in standing [19, 20] . The test can also assess both muscle force and muscle activation [19] . Weight bearing or extension control is assessed at the hip, knee, and ankle in the single-limb stance position ( Fig. 1 ) [20] , therefore simulating the limb loading requirements during stance phase of gait [C. Toman, unpublished thesis]. Unloading or flexion control is also assessed at the hip, knee, and ankle, while the contralateral lower limb is in singlelimb stance [20] . The UMCT subtests, as well as the specific, required movements of the patient to complete the subtests, are detailed in Table 1 .
Generally, three Extension Control (Hip Extension, Knee Extension, and Ankle Extension) and two Flexion [20] Control (Hip Flexion and Knee Flexion) subtests are rated on a three-point ordinal scale with the following muscle grade categories: Strong, Moderate, and Weak [20] (Table 1) . The Ankle Flexion (Dorsiflexion) subtest comprises only two muscle grade categories: Strong and Weak. Subscale scores (Strong = 3, Moderate = 2, and Weak = 1) may be interpreted individually, as a combined extension or flexion score, or total (combined extension and flexion) score [C. Toman, unpublished thesis]. An additional category, Excessive, is applied for the knee extension and ankle extension (plantaflexion) subtests in cases of severe muscle tone impairment that preclude placing the test knee in flexion or the test ankle in plantigrade position [20] . To administer the UMCT, the clinician typically stands facing the patient, demonstrates each subtest to the patient to promote understanding, provides one or two practice trials, then observes and rates the patient's performance based on the scoring criteria. Apart from being highly practical to administer, the UMCT also has a simple and welldefined scoring system.
Despite its advantages over conventional tests of muscle strength, little is known about the measurement properties of the UMCT for the population of patients with stroke. For a test to be acceptable for widespread use in both clinical practice and research, it must exhibit appropriate measurement or clinimetric properties such as reliability, validity, and responsiveness [32, 33] . This issue underscores the need to ascertain the usefulness of the UMCT in evaluating motor impairment and monitoring change over time to assess the impact of interventions. Therefore, the main purpose of this systematic review was to synthesize the available published literature on the measurement properties of the UMCT when used in adults with stroke. The review findings were projected to help in identifying research gaps that may warrant additional work to further develop and standardize the UMCT. Keyword searching used the exact terms "upright motor control" and "upright control test", which were the specific terms used to refer to the UMCT. All articles that described use of the UMCT, including any related literature review, underwent hand searching to locate additional studies. No restrictions were placed on publication language.
Study selection
Two independent researchers (EJRG) and a trained research assistant (AL) implemented the search strategy, including full text examination of relevant studies. All titles and abstracts were screened, and all potentially relevant articles underwent full text examination. Peerreviewed or published research articles reporting on measurement properties of the UMCT for adults (aged higher than 18 years) with stroke were included. Relevant studies were observational-methodologic in nature [34] . Exclusion criteria were: (1) study did not have an available full report or was available only as an abstract, such as publications in conference proceedings; (2) sample was a mix of neurological conditions with no separate clinimetric estimates reported for participants with stroke. To settle any disagreement, it was pre-planned that the independent researchers would re-examine the full-text article before arriving at a consensus.
Quality assessment
The first author (EJRG) appraised data from the included studies using the COnsensus-based Standards for the selection of health Measurement INstruments (COS-MIN) [35] . The COSMIN checklist comprises standardized criteria for evaluating the quality of methodological studies included in systematic reviews. Measurement properties that can be assessed on the COSMIN include: reliability, which is subdivided into internal consistency, reliability, and measurement error; validity, which comprises content validity (includes face validity), construct validity (covers structural validity, hypothesis testing, and cross-cultural validity), and criterion validity; and responsiveness. Each measurement property is examined using a number of quality criteria, with criteria pertaining to sample size and missing values being common across all the properties. Each item is rated on a fourpoint ordinal scale as "excellent", "good", "fair", or "poor". The COSMIN operates on the principle of "worst score counts", i.e. the overall methodological quality score is determined by identifying the lowest or worst score among the items on the checklist [36] . The second author (RTL) independently verified the quality assessment. It was pre-planned that, should any disagreement arise, both authors would re-examine the article full text to arrive at a consensus.
Data extraction
The first author (EJRG) performed data extraction using the CanChild Outcome Measures Rating Form [37] . This measure contains fields for extracting data on the measurement instrument's focus based on the International Classification of Functioning, Disability and Health (ICF) [38] ; scale construction; clinical utility; and standardization related to reliability, validity, and responsiveness. Additional information extracted from the selected studies include authors and publication year; test components assessed; purpose for applying the test; and sample characteristics such as sample size, age, gender, side of stroke, type of stroke based on etiology and chronicity, and functional status or severity of motor impairment. To enhance the accuracy of data extraction, explicit definitions of the measurement properties based on the COSMIN [39] were adopted ( Table 2 ). The second author (RTL) independently verified the data extraction. As with quality assessment, for any disagreement that would arise, it was pre-planned that both authors would reexamine the full-text and arrive at a consensus.
Data analysis and synthesis
The authors performed a best evidence synthesis based on the COSMIN guidelines. For each measurement property, the possible overall rating was "positive", "indeterminate", or "negative" (Table 2 ) [40] . This overall rating was accompanied by an assessment of the level of evidence based on the work of the Cochrane Back Review Group: "strong", "moderate", "limited", "conflicting", or "unknown" (Table 3 ) [41] . The levels of evidence are determined based on the number of studies that have investigated the measurement property, methodological quality of such studies, and consistency of the results of such studies.
Results

Search results
The search yielded a total of 275 citations (Fig. 2) . Since use of single keywords generated manageable search yields, use of keyword combinations was unnecessary. Initial screening was done to remove duplicates. Next, abstracts were examined to exclude studies that did not investigate any measurement property of the UMCT. Following this step, five titles remained for full-text review. Two articles were further excluded because one study used the UMCT as a descriptive measure only and did not explore any aspect of instrument development [21] , and the other study investigated interrater reliability but was published only as a conference abstract with no full report available [42] . Three studies examined the UMCT's measurement properties [43] [44] [45] and were included in the qualitative synthesis. The researchers were in full agreement on the selection of the final studies to be included. Table 4 shows the characteristics of the participants in the included studies. Sample sizes ranged from 33-147 adults with stroke, while mean ages ranged from 53.9-58.73 years. Samples had a mix of genders, sides of hemiplegia, and types of stroke based on etiology (ischemic and hemorrhagic). Two studies included both subacute and chronic stroke populations [43, 44] , while one study included only patients with subacute stroke (30-180 days post-onset) [45] .
Included studies
Quality assessment
Given the COSMIN's use of the "worst score counts" principle, all studies had an overall rating of "fair" ( Table 5 ). The Criterion validity subscale was used to assess the two studies on predictive validity [43, 44] , while the Hypothesis testing (Construct validity) subscale was used on the study on convergent validity [45] . Evidence for criterion validity was positive but the two supporting studies shared similar limitations. Both had insufficient description of missing data and information to justify the choice of the gold standard, therefore resulting in a "fair" quality rating [43, 44] . Evidence for construct validity, though positive, was limited by the supporting study's lack of a clear a priori hypothesis, and insufficient description of the comparator instrument and its measurement properties [45] . Therefore, a "fair" quality rating was given. Table 4 summarizes the results of the included studies.
Data extraction and synthesis
One study covered all six Extension Control and Flexion Control subtests [44] ; one delimited investigation to the Knee Extension and Knee Flexion subtests only [43] ; and one focused on the Knee Extension subtest only [45] . The studies used the UMCT as a test of voluntary control [43, 45] or functional strength [44] of the affected lower limb, covering the Body Functions dimension of the ICF framework (Power of Muscles of One Side of the Body, ICF code b7302) [38] . The three studies addressed dimensions of validity, but none assessed reliability. None of the published studies addressed content validity, particularly aspects of scale construction such as selection of test items for inclusion and weighting of items in scoring. One study described some observations regarding responsiveness [45] , while two studies provided information related to some clinical utility dimensions [43, 45] . Two studies on criterion (predictive) validity reported similar findings that the Knee Extension and Knee Flexion subtests differentiated between community and household ambulators [43, 44] . Both studies demonstrated that a Strong score on either subtests could be used to identify community ambulators while a Moderate or Weak score on both subtests could be used to identify household ambulators. Further, both studies demonstrated the predictive ability of the knee subtests when combined with other clinical measures such as gait velocity [43, 44] and the Korean version of the Berg Balance Scale (BBS) [43] . A Strong score on the Knee Extension subtest combined with a minimum gait velocity of 16 m/min characterized community ambulators in one study [44] , while the knee subtests, applied alone or with either or both gait velocity or the BBS, yielded areas under the receiver operating characteristic curve (AUC) of 0.829-0.904 in the other study [43] . One study on construct (convergent) validity found that Knee Extension scores positively correlated with peak vertical ground reaction force measurements during limb loading tasks such as sit-to-stand, diagonal reaching, and stepping with the non-paretic lower limb (psuedo R 2 = 0.21-0.34) [45] . The levels of evidence represented by the included studies were "moderate" for criterion validity and "limited" for construct validity (Table 5) .
Although none of the studies formally assessed responsiveness and clinical utility, data were available related to these properties. One study reported that improving Knee Extension scores were related to increasing Step Test scores over the first 6 months poststroke [45] . From 73 % (24/32) at 1 month post-stroke, the proportion of participants with a score of 1 (Weak score) decreased to 31 % (9/29) at 6 months post-stroke. From 12 % (4/32) at 1 month post-stroke, the proportion of participants with a score of 3 (Strong score) rose to 55 % (16/29) at 6 months post-stroke. In the same study, floor and ceiling effects were also reported, with 27 % (9/33) of participants not improving from a Weak score even after 6 months and 36 % (12/33) achieving the highest score (Strong score) before the last testing session. Two studies mentioned data addressing some clinical utility dimensions: ease of administration [45] ; no special equipment required [43] ; and short administration time [43] .
Discussion
This review synthesized the evidence on the measurement properties of the UMCT from three studies on validity [43] [44] [45] located through a comprehensive literature search. Best evidence synthesis indicates that there is moderate level of evidence to support criterion validity of the Knee Extension and Knee Flexion subtests and limited level of evidence for construct validity of the Knee Extension subtest. The results of this synthesis, together with the lack of literature formally assessing content validity, reliability, and responsiveness, provide an important basis for evaluating the current usefulness of the UMCT as well as identifying important knowledge gaps for further research.
Evidence for different dimensions of validity synthesized in this systematic review is consistent with the original work on the UMCT. Validity of the UMCT was first examined in 1983 in an unpublished master's thesis [C. Toman, personal communication]. In that study, relationships between the UMCT score (then called the UC Test) and gait variables were evaluated in 20 adults with subacute or chronic stroke. Total UC scores from the 6 subtests correlated significantly with important gait parameters such as gait velocity, stride length, and single-limb support time in the hemiparetic lower limb. This significant correlation with gait parameters is in keeping with moderate-level evidence from this review that the UMCT, specifically the Knee Extension and Knee Flexion subtests, can be used to predict walking ability in adults with subacute or chronic stroke [43, 44] .
In one study [43] , when the Knee Extension and Knee Flexion subtests were used either alone or in combination with gait velocity, the BBS, or both, the range of AUC values reported suggests at least moderate accuracy [46] in separating individuals with walking restrictions (household ambulators) from those without walking restrictions (community ambulators). Therefore, the available evidence is in agreement with the assertion of Perry et al. that the knee subtests may represent a valid method of assessing voluntary total limb control in standing [44] . Still, however, the exact process employed in the development of the UMCT's subtests and scales, and Level of evidence [41] : Strong = consistent findings in multiple studies of good methodological quality OR in one study of excellent; Moderate = consistent findings in multiple studies of fair methodological quality OR in one study of good methodological quality; Limited = one study of fair methodological quality methodological quality; Conflicting = Conflicting findings; Unknown = Only studies of poor methodological quality + positive rating, ? indeterminate rating, − negative rating interpretation of cumulative scores remain unclear and therefore warrants examination for content validity. The absence of published reports on the UMCT's reliability has important negative ramifications on the accuracy of its validity estimates. Reliability estimates for the UMCT when used on patients with stroke-related hemiplegia have been mentioned in earlier work involving clinicians [J. Montgomery, unpublished data] or students [42] , however such work was never published in a peerreviewed journal. Thus, sufficient study appraisal and data extraction could not be carried out. Without interrater reliability estimates, it is uncertain if measurements would be stable across different raters. In practice, clinicians who might use the UMCT would likely possess varied clinical practice experience and the impact of such differences in practice experience would be important to know. Also, without test-retest reliability estimates, it is unclear if measurements would be stable in longitudinal assessment in the absence of real change from either spontaneous recovery or the effects of intervention. This key research gap highlights the need to examine the interrater and testretest reliability of the UMCT in adults with stroke.
The lack of studies that formally assess responsiveness can have a negative impact on the UMCT's value in longitudinal assessment. Limited data from one study suggests that, although scores on the Knee Extension subtest may change over time, possible floor and ceiling effects can be observed [45] . This finding may be related to the few scale levels available for scoring which might diminish the instrument's ability to detect small changes in performance. One clinical trial [31] has demonstrated that scores on the UMCT can significantly change over time in adults with stroke exposed to an active treatment compared to those exposed to placebo. However, studies on effectiveness of interventions are inappropriate when demonstrating responsiveness [39] . Studies that can demonstrate that scores on the test of interest (i.e. UMCT) change correspondingly with scores on a test that is considered a gold standard would be more appropriate for addressing the knowledge gap [39] . Such studies are important in light of research literature in which the UMCT has been used in longitudinal assessment.
Although no study has formally assessed clinical utility, data inferred from existing literature indicate that features of UMCT administration are consistent with known features of highly practical tests in clinical practice [37] . This finding highlights an important advantage of the UMCT over measures that are well established but require expensive instrumentation that preclude use in many clinical settings such as dynamometry. Additionally, the available studies on the UMCT's measurement properties did not require the exclusion of participants who were incapable of selective limb control. This feature emphasizes a key advantage of the UMCT over extensively used tools such as dynamometry and MMT. Thus, current evidence on measurement properties and practicality of test administration provide an argument for the potential of the UMCT to be further developed and standardized.
This systematic review has limitations. At the review level, few published studies have investigated the measurement properties of the UMCT to date. Thus, firm conclusions regarding most of the UMCT's properties, especially content validity, reliability, and responsiveness, cannot be made at this point. At the study level, the available studies have reported on the properties of the Knee Extension [43] [44] [45] and Knee Flexion subtests [43, 44] only, and the methodological quality of the studies was fair [43] [44] [45] . Although the Knee Extension subtest procedure and scoring was applied consistently across the three studies [43] [44] [45] , the Moderate score of the Knee Flexion subtest was omitted in one of the two studies that examined it [44] . Therefore, further enhancement of the methodological quality of studies and clarification of the application of the scoring method are warranted.
Conclusion
Findings of this systematic review indicate that in adults with subacute and chronic types of stroke, moderate evidence from two studies supports that the Knee Extension and Knee Flexion subtests of the UMCT can potentially identify adults with restrictions in functional walking. Further, in adults with subacute stroke, limited evidence from one study suggests that the Knee Extension subtest positively correlates with weight bearing. Since no instrumentation is needed, administration is easy, and time and space requirements are minimal, it is feasible for clinicians to routinely apply the UMCT in practice. However, its use in clinical practice and research is limited by the absence of published data on content validity, reliability, and responsiveness. Further research should assess these important measurement properties of the UMCT to support its integration in stroke rehabilitation. 
